A case of polycystic kidney disease (PKD) associated with Klippel-Trenaunay-Weber syndrome is described. A 58-year-old man with chronic renal failure experienced urinary retention following gross hematuria. Intermittent drainage was necessary for significant urination for five days. Thereafter his urinary retention was relieved, but renal failure progressively developed and hemodialysis was started. Right hydronephrisis and hydroureter disappeared one month later. In spite of relief of obstruction, of which the cause was likely blood clots, renal function was not restored. Obstructive nephropathy was most likely explicable for notable deterioration in renal function. Our case might have susceptibilities to PKDdevelopment in terms of angiogenesis.
Introduction
PKDis a renal disease characterized by the growth of numerous cysts in the kidneys. Cysts slowly replace muchof the mass of the kidney, reducing renal function and leading to renal failure. PKDis one of the frequent causes of end-stage renal disease (ESRD) (1) . Indeed, approximately 50% of all PKD patients result in ESRDand need dialysis or kidney transplantation (2) . Gross hematuria is highly frequent in PKD. Kaehny and Gabow (3) and Gabow et al (4) have reported that 37 and 42%, respectively, of autosomal dominant PKD(ADPKD)patients experience gross hematuria at some time. Not only is gross hematuria the event which triggers the diagnosis of PKD, but it also occurs during the course of the disease. Previous studies showedthat episodes of gross hematuria represent one of the high risk factors affecting the progression of ESRDin ADPKD as well as a gene type ofADPKD1, gender, younger age at diagnosis and developed hypertension and numberof pregnancies (5, 6) . It is suggested that episodes of gross hematuria have an unfavorable impact on long-term renal function. Klippel Here, we describe a case of renal failure with acute exacerbation associated with PKDtriggered by the gross hematuria. Gross hematuria in our patient contributed to urinary tract obstructions, followed by notable deteriorarion on short-standing renal function. To our knowledge, this is the first full case report of PKDassociated with KTWS. Therefore, we address etiological discussions on the link between PKDand KTWS in terms of angiogenesis.
Case Report
The patient was a 58-year-old manwith a past medical history of KTWSand an abnormality in urinary analysis. PKDCase Associated with KTWSyndrome 94.2%. These laboratory data indicated rapid exacerbation in renal failure. Although the volume of urine output returned to the normal range of more than 1,000 ml a day after his admission, serum creatinine reached a peak of 9.9 mg/dl in the second day of his admission ( Fig. 2) . Thus, hemodialysis (HD) was started to improve his uremic state on Day2 of admission. Maintenance HDhas been performed at a frequency of twice to three times a week (three times initially and then twice a week) afterwards.
An ultrasonograph and a computed tomographic (CT) scan of the abdomen revealed enlarged kidneys and multiple cysts with right side predominance. These features were consistent with the diagnosis of PKD. The CTscan obtained after admission, also showed hydronephrosis in the right kidney and dilated ureter in the right side (Fig. 3A) . These findings were diminished in another CTscan obtained one month after admission (Fig. 3B ). These alterations in CT scans indicated the previous presence of reversible obstructions, which were presumably due to blood coagulations formed from renal bleeding. Bladderscopy and cytology study showed sign of neither tumor nor stone.
He was discharged on Day 58 following an operation for right inguinal herniation and an examination of brain magnetic resonance angiography (MRA). MRAshowed no abnormal findings in cerebral arteries. Serum creatinine level did not return completely and remained around 6.0 mg/dl on discharge.
Discussion
The previous medical practitioner had noted that the present patient continued to have microscopic hematuria and proteinuria and also had renal insufficiency. This case, however, had never been diagnosed with PKDbefore he was referred to our hospital. Abdominalultrasonograph on admission revealed multiple cysts with complicated cysts in both kidneys. These findings are compatible with the criteria for PKD(1 1), even there was no information of PKDinheritance in his family history. It was the first time for the present patient to exhibit massive hematuria 7 days before his admission. No examination after admission suggested the presence of tumoror stone. The CTscan showedhyperdense cysts amongnumerouscysts (data not shown), which indicated renal hemorrhage. Massive hematuria in this case must be due to renal hemorrhage. Gross hematuria is one of the potential complications for KTWS. In KTWSpatients, renal hemangioma (12, 13), upper urinary tract hemangioma (14) and bladder hemangioma (15) were identified as the cause of the massive hematuria. No finding of hemangiomawas detected as far as weexamined. Therefore, we speculated that the gross hematuria was probably due to PKD. Angiography or MRAcould have supported this speculation certainly. Bello-Reuss et al observed an extensive capillary network in the cyst wall ofADPKDkidney and vascular malformations ( 16) . Their protein analysis demonstrated expression of vascular endothelial growth factor (VEGF) in the cyst , cells and VEGFreceptor in endothelial cells. VEGFis reported to be one of the growth factors which stimulates angiogenesis (17) . These findings indicate that the process of angiogenesis occurs in ADPKDand this process may be necessary for cyst cells to grow. It is well knownthat several complications are associated with PKD,such as renal hemorrhage, hypertension, liver cyst, herniation and vascular abnormalities including cerebral aneurysm (18) . In addition to the growth of cysts, renal bleeding and the formation of aneurysm could result from the angiogenesis process (16) .
The present case of PKDwas previously diagnosed with KTWSbecause hypertrophy of tissues and bones, hemangiomas and venous varicosities of the affected right lower limb werepresent. Thesemanifestations are comparableto those of the first case reported by Klippel and Trenaunay (7). It is generally thought to occur sporadically, although a few studies ( 1 9-2 1) have reported familial occurrence in extensive evaluations of relatives of KTWS patients. In most cases of KTWS, somatic findings of the triad are distributed, suggesting somatic mutation of an as-yet-unknowngene. Onecandidate site of gene localization could be on chromosomearm 5q or lip. Sumoyet al (24) demonstrated that blood vessel formation had defects in zebrafish mutant for notochord formation. These two reports suggest that the genetic alteration responsible for KTWS may be located in endothelial cells altered in the process of vessel formation. Thus, KTWSis described as "a congenital disorder of angiogenesis and vasculogenesis" (8-10), also called "asymmetric vascular syndrome" (25). As described above, angiogenesis is also fundamental to the pathological process in ADPKD (16) . Therefore, we suppose that a factor critical to angiogenesis and vasculogenesis in KTWSmight contribute to PKDdevelopment including the growth of renal cysts and the renal bleeding in the present case. Disappearance of hydronephrosis and the dilated ureter indicated that the obstruction in the right ureter wasreversibly relieved. Wefound no evidence of stone or tumor. The cause of urinary obstruction must be blood coagulation in the right upper urinary tract. It is possible that abnormal coagulopathy might be in part involved in the formation of blood clots in the urinary tract. In fact, cases with KTWS were reported to complicate coagulopathy sequential to hemorrhageafter routine gynecologic procedure (9) and after cesarean delivery (26) .
Obstructive nephropathy is a term commonlyused to describe obstruction of the urinary tract and its consequences (27 bular function and renal increased fibrosis (27, 28) . It was reported that an array of growth factors, vasoactive peptides and cytokines are involved in obstructive nephropathy (29) . An obstruction persisting longer than two weeks could mainly explain the progressive deterioration of renal failure. The renal insufficiency in the present case prior to incident of massive hematuria is suspected to be susceptible to the notable deterioration of renal function due to obstructive nephropathy. In summary, we presented a case with PKDand KTWS, in which gross hematuria had discernable impact on the rapid progression of renal failure. Wespeculate that blood clots consequent to gross hematuria resulted in obstructive nephropathy. It is important to pay close attention to an insidious obstruction of the urine tract in cases of progressive renal dysfunction after gross hematuria even if urine output is not decreased.
